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Abstract. In this article, a notion of neutrosophic triplet (NT) normed ring space is given and properties of NT normed ring
spaces are studied. We demonstrate that NT normed ring is different from the classical one. Also, we show that a neutrosophic
triplet normed ring can be a neutrosophic triplet norm when certain conditions are met.
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1 Introduction
Neutrosophy is a branch of philosophy, introduced by Smarandache in 1980, which studies the origin, nature
and scope of neutralities, as good as their interactions with distinctive ideational spectra. Neutrosophy is the
basis of neutrosophic logic, neutrosophic probability, neutrosophic set and neutrosophic facts in [1].
Neutrosophic logic is a general framework for unification of many existing logics such as fuzzy logic which is
introduced by Zadeh in [2] and intuitionistic fuzzy logic which is introduced by Atanassov in [3]. Fuzzy set has
best measure of membership; intuitionistic fuzzy set has most effective degree of membership and degree of
non-membership. Thus; they do not explain the indeterminacy states. But neutrosophic set has degree of
membership (t), degree of indeterminacy (i) and degree of non-membership (f) and define the neutrosophic set
on three components (t, i, f). A lot of researchers have been dealing with neutrosophic set theory in [4-22].
Recently; Broumi, Bakali, Talea and Smarandache studied the single valued neutrosophic graphs in [23] and
interval valued neutrosophic graphs in [24]. Liu studied the aggregation operators based on Archimedean
t-conorm and t-norm for the single valued neutrosophic numbers in [25]. Additionally, Smarandache and Ali
introduced NT theory in [26] and NT groups in [27, 28]. The NT set is completely different from the classical
one, since for each element “a” in NT set N together with a binary operation *; there exist a neutral of “a”
called neut(a) such that a*neut(a)=neut(a)*a=a and an opposite of “a” called anti(a) such that
a*anti(a)=anti(a)*a=neut(a). Where, neut(a) is different from the classical algebraic unitary element. A NT is of
the form <a, neut(a), anti(a)>. Also, Smarandache and Ali studied the NT field in [29] and the NT ring in [30].
Recently, some researchers have been dealing with NT set thought. For instance, Şahin and Kargın introduced
NT metric space, NT vector space and NT normed space in [31]. Şahin and Kargin studied NT inner product in
[32].
Normed ring is an algebraic structure. Some of the properties of the normed rings are similarly to some of
the properties of the classical norms, but the normed rings also have their own characteristic properties. Shilov
introduced the notion of commutative normed ring in [33] and Jarden introduced the notion of normed ring in
[34]. Recently Ulucay, Şahin and Olgun introduced normed rings with soft set theory in [35].
In this paper, we introduced NT normed ring space and we give properties of NT normed ring space.
In section 2, we give some preliminary results and definition for NT structures. In section 3, NT normed ring
space is defined and some properties of a NT normed ring space are given. It is show that NT normed ring is
different from the classical normed ring. Also, it is show that if certain conditions are met, every NT normed ring
can be a NT metric and NT norm at the same time. Furthermore, the convergence of a sequence and a Cauchy
sequence in a NT normed ring space are defined. In section 4, conclusions are given.

2 Preliminaries
Definition 2.1. [27] Let N be a set together with a binary operation *. Then, N is called a NT set if for any a∈ N,
there exists a neutral of “a” called neut(a), different from the classical algebraic unitary element, and an opposite
of “a” called anti(a), with neut(a) and anti(a) belonging to N, such that
a*neut(a) = neut(a)* a=a
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a*anti(a)= anti(a)* a=neut(a).
The elements a, neut(a) and anti(a) are collectively called as neutrosophic triplet, and we denote it by
(a, neut(a), anti(a)). Here, we mean neutral of a and apparently, “a” is just the first coordinate of a NT and it is
not a neutrosophic triplet. For the same element “a” in N, there may be more neutrals to it neut(a)’s and more
opposites of it anti(a)’s.
Theorem 2.2. [27] Let (N,*) be a commutative NT group with respect to * and a, b N;
i)
ii)

neut(a)*neut(b)= neut(a*b);
anti(a)*anti(b)= anti(a*b);

Definition 2.3. [29] Let (NTF,*, #) be a NT set together with two binary operations * and #. Then (NTF,*, #) is
called NT field if the following conditions hold.
i. (NTF,*) is a commutative NT group with respect to *
ii. (NTF, #) is a NT group with respect to #.
iii. a#(b*c)= (a#b)*(a#c) and (b*c)#a = (b#a)*(c#a) for all a, b, c

NTF.

Definition 2.4. [30] The NT ring is a set endowed with two binary laws (M,*, #) such that,
a) (M, *) is a commutative NT group; which means that:
 (M, *) is a commutative neutrosophic triplets with respect to the law * (i.e. if x belongs to M, then
neut(x) and anti(x), defined with respect to the law *, also belong to M)
 The law * is well – defined, associative, and commutative on M (as in the classical sense);
b) (M, *) is a set such that the law # on M is well-defined and associative (as in the classical sense);
c) The law is distributive with respect to the law * (as in the classical sense)
Theorem 2.5. [31] Let (N,*) be a NT group with no zero divisors and with respect to *. For a
i)
ii)
iii)
iv)

N,

neut(neut(a))= neut(a)
anti(neut(a))= neut(a))
anti(anti(a))= a
neut(anti(a))= neut(a)

Theorem 2.6. [31] Let (NTV, *, #) be a NT vector space on a NT field. If (NTV, *, #) is satisfies the following
condition, (NTV, *, #) is also a NT field;
1) a#b∊ NTV; for all a, b∊ NTV;
2) a#(b#c) = (a#b)#c; for all a, b, c ∊ NTV;
3) a#(b*c) = (a#b)*(a#c) and (b*c)#a = (b#a)*(c#a); for all a, b, c ∊ NTV.
Definition 2.7. [31] Let (N,*) be a NT set and let x*y ∊ N for all x, y ∊ N. If the function
d:NxN→ ∪{0}satisfies the following conditions; d is called a NT metric. For all x, y, z ∈ N;
a) d(x, y)≥0;
b) If x=y; then d(x, y)=0
c) d(x, y)= d(y, x)
d) If there exists any element y ∊N such that;
d(x, z)≤ d(x, z*neut(y)), then
d(x, z*neut(y)) ≤ d(x, y)+ d(y, z).
Furthermore, ((N,*), d) is called NT metric space.
)) be a NT vector space on (NTF, , ,
) NT field. If
Definition 2.8. [31] Let (NTV, ,
‖.‖ : NTV → +∪{0} function satisfies following condition; ‖.‖ is called NT normed on (NTV, , , ). Where;
f: NTF X NTV → ∪{0}, f(α,x)= f(anti(α), anti(x))
is a function and for every x, y ∊ NTV and α ∊ NTF;
a) ‖x‖ ≥0;
b) If x=neut(x), then ‖x‖ =0
c) ‖α x‖ = f(α,x).‖x‖
d) ‖anti(x)‖= ‖x‖
e) If there exists any element k ∊ NTV such that ‖x

y‖ ≤ ‖x

y

neut(k)‖ then;
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‖x y neut(k)‖≤‖x‖+‖y‖.
Furthermore, ((NTV, ,

), ‖.‖) is called a NT normed space on (NTF, , ,

) NT field.

Definition 2.9. [34] Let R be an associative ring with 1. A norm on R is a function ‖.‖ : R → R that satisfies the
following conditions for all a, b ∈ R.
a) ‖a‖≥0 and ‖a‖ = 0 if and only if
a = 0; further ‖1‖ = ‖-1‖ = 1
b) There is an x R with 0< ‖x‖<1
c) ‖a.b‖≤ ‖a‖.‖b‖
d) ‖a+b‖≤ max {‖a‖, ‖b‖}

3 Neutrosophic Triplet Normed Ring Space
Definition 3.1. Let (NTR,*,#) be a NT ring. If ‖.‖ : NTR →
called NT normed ring on (NTR,* ,#). For x, y, z NTR,

∪{0} function satisfies following condition; ‖.‖ is

a) ‖x‖ ≥0;
b) If x=
(x), then ‖x‖ =0. Where,
(x)) is neutral of x with respect to #.
c) There is a x NTR such that
‖
(x)‖
Where,
(x) is neutral of x with respect to # and
of x with respect to * .
(x)‖= ‖x‖. Where,
(x) is anti of x with respect to *.
d) ‖
(k)‖; then
e) If there exists a element k NTR such that ‖x# y‖ ≤ ‖x# y#
‖x# y#
(k)‖ ‖x‖.‖y‖
(k)‖; then
f) If there exists a element k NTR such that ‖x* y‖ ≤ ‖x* y*
‖x* y*
(k)‖ max{‖x‖,‖y‖}

(x) is neutral

Furthermore, ((NTR,* ,#) ‖.‖) is called NT normed ring space.
Example 3.2. Let X = {1, 2}, and P(X) be power set of X. From Definition 2.4; (P(X), *, ∩) is a NT ring. Where,

A*B =

The NT with respect to *;
neut(∅)=∅, anti(∅) = ∅; neut({1})= {1, 2},
anti({1}) ={2}; neut({2}) = {1, 2},
anti({2}) ={1}; neut({1, 2}) = ∅, anti({1,2}) ={1, 2};
The NT with respect to ∩; neut(A) =A and anti(A) = B. Where, B A and s(A) is number of elements in
A P(X) and is complement of A P(X). Now we show that (P(X), *, ∩), ‖,‖) is a NT normed ring space
such that ‖A‖ = s(A).
a)‖A‖=s(A)≥0
b)Since neut(∅)=∅, ‖∅‖ = s(∅) = 0
(∅) = ∅,
(∅) = ∅; then ‖
(x)‖
c) For ∅ ∈P(X),
d) Since anti(∅) = ∅, anti({1})={2}, anti({2})={1},
anti({1,2})={1, 2};
‖∅‖ = ‖∅‖, ‖{1}‖ = ‖{2}‖, ‖{1, 2}‖ = ‖{1, 2}‖. Thus; ‖anti(A)‖= ‖A‖ for A ∈P(X).
e) Since neut(∅)=∅, anti(∅)=∅;
neut({1})= {1, 2}, anti({1})={2};
neut({2})= {1, 2}, anti({2})={1};
neut({1, 2})= ∅, anti({1,2})={1, 2};
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For ∅ and ∅;
‖ ∅ ‖ = ‖∅‖ = 0
‖∅
Thus; ‖ ∅ ‖ = 0 ‖∅‖+ ‖∅‖=0

neut({1})‖ = ‖

‖=2

For ∅ and {1};
‖ ∅*{1}‖ = ‖{2}‖ = 1 ≤ ‖ ∅*{1}*neut({2})‖ = ‖{1}‖ = 1. Thus; ‖ ∅*{1}‖ = 1 ≤ ‖∅‖+ ‖{1}‖=1
For ∅ and {2};
‖ ∅*{2}‖ = ‖{1}‖ = 1 ≤ ‖ ∅*{2}*neut({1})‖ = ‖{2}‖= 1. Thus; ‖ ∅*{2}‖ = 1 ≤ ‖∅‖+ ‖{2}‖=1
For ∅ and {1,2};
‖ ∅*{1,2}‖ = ‖{1,2}‖ = 2 ≤ ‖ ∅*{1,2}*neut({∅})‖ = ‖{1,2}‖= 2.
Thus; ‖ ∅*{1, 2}‖ = 2 ≤ ‖∅‖+ ‖{1,2}‖=2
For {1} and {1};
‖ {1}*{1}‖ = ‖∅‖ = 0 ≤ ‖ {1}*{1}*neut({2})‖ = ‖{1,2}‖ = 2.
Thus; ‖ {1}*{1}‖ = 0 ≤ ‖{1}‖+ ‖{1}‖=2
For {1} and {2};
‖ {1}*{2}‖ = ‖∅‖ = ‖ {1}*{2}*neut({2})‖
= ‖{1,2}‖ = 2.
Thus; ‖ {1}*{2}‖ = 0 ≤ ‖{1}‖+ ‖{1}‖=2
For {1} and {1,2};
‖ {1}*{1,2}‖ = ‖{2}‖ = 1 ≤ ‖ {1}*{1,2}*neut({2})‖
= ‖{1}‖ = 1.
Thus; ‖ {1}*{1,2}‖ = 0 ≤ ‖{1}‖+ ‖{1,2}‖=3
For {2} and {2};
‖ {2}*{2}‖ = ‖∅‖ = 0 ≤ ‖ {2}*{2}*neut({1})‖
= ‖{1,2}‖ = 2.
Thus; ‖ {2}*{2}‖ = 0 ≤ ‖{2}‖+ ‖{2}‖=2
For {2} and {1,2}; ‖ {2}*{1,2}‖ = ‖{1}‖ = 1 ≤‖ {2}*{1,2}*neut({1})‖ = ‖{2}‖ = 1.
Thus; ‖ {2}*{1,2}‖ = 1 ≤ ‖{2}‖+ ‖{1,2}‖=3
f) Since A, B P(X) and neut({1}) = {1, 2} = X; A∩B∩X = A ∩ B. Thus; ‖A∩B‖ = ‖ A∩B∩ neut({1})‖. Now we
show that;
‖A∩B‖= ‖ A∩B∩ neut({1})‖ ≤ max{‖A‖,‖B‖}.
For ∅ and ∅;
‖ ∅∩∅‖ = 0 ≤ max{‖∅‖,‖∅‖} = ∅
For ∅ and {1};
‖ ∅∩{1}‖ = 0 ≤ max{‖∅‖,‖{1}‖} = 1
For ∅ and {2};
‖ ∅∩{2}‖ = 0 ≤ max{‖∅‖,‖{2}‖} = 1
For ∅ and {1,2};
‖ ∅∩{1,2}‖ = 0 ≤ max{‖∅‖,‖{1,2}‖} = 2
For {1} and {1};
‖{1} ∩{1}‖ = 1 ≤ max{‖{1}‖,‖{1}‖} = 1
For {1} and {2};
‖{1} ∩{2}‖ = 0 ≤ max{‖{1}‖,‖{2}‖} = 1
For {1} and {1, 2};
‖{1} ∩{1,2}‖ = 0 ≤ max{‖{1}‖,‖{1,2}‖} = 2
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For {2} and { 2};
‖{2} ∩{2}‖ = 1≤ max{‖{2}‖,‖{2}‖} = 1
For {2} and {1, 2};
‖{2} ∩{1,2}‖ = 0 ≤ max{‖{2}‖,‖{1,2}‖} = 2.
For {1,2} and {1, 2}; ‖{1,2} ∩{1,2}‖ = 2
≤ max{‖{1,2}‖,‖{1,2}‖} = 2
Thus; (P(X), *, ∩), ‖,‖) is a NT normed ring space.
Corollary 3.3. It is clear that NT normed ring spaces are generally different from classical normed ring spaces
since for neut(x) different from classical unit element. However; if certain conditions are met; every classical
normed space can be a NT normed space at the same time.
Proposition 3.4. Let (NTR, *, #),

) be a NT normed ring space.

a) If there exists a element k NTR such that
‖x* y‖ ≤ ‖x* y*neut(k)‖ and
<
then
=
.
b) If there exists a element k NTR such that ‖x* y‖ ≤ ‖x* y*neut(k)‖ then

+

Proof.
a) From Definition 3.1, now that there exists a element k NTR such that
‖x* y‖ ≤ ‖x* y*neut(k)‖, it is clear that
‖z‖ ≤ ‖z*neut(k)‖ for x* y = z, z NTR
Furthermore, from Definition 3.1, now that there exists a element k NTR such that
‖x* y‖ ≤ ‖x* y*neut(k)‖, ‖x* y‖ max{‖x‖,‖y‖}.
<
, it is clear that ‖x* y*neut(k)‖ ‖y‖.
For
Assume that ‖x* y*neut(k)‖ ‖y‖.
From (i), we can take x = k such that ‖y‖ ≤ ‖y*neut(x)‖.
Thus;
=
.
b) From definition 1, now that there exists a element k NTR such that
‖x* y‖ ≤ ‖x* y*neut(k)‖, it is clear that
‖x* y‖ max{‖x‖,‖y‖}
Furthermore,
max{‖x‖,‖y‖} ‖x‖+‖y‖
From (ii) and (iii), it is clear that,
+
.

(i)

(ii)
(iii)

Theorem 3.5. Let (NTR, * ,#),
) be a NT normed ring space. If
: NTR →
∪ {0} function and
) satisfy following conditions; it is called NT normed space on (NTR,* ,#),
). For x, y, z ∈
(NTR,* ,#),
NTR,
a) (NTR,* ,#) be a NT vector space.
b) ‖x# y‖ =‖x‖.‖y‖
Proof.
Now that (NTR,* ,#)) is a NT ring,
a#b ∊ NTR; for all a, b∊ NTV;
a#(b#c)=(a#b)#c; for all a, b, c ∊ NTR;
a#(b*c)= (a#b)*(a#c) and
(b*c)#a = (b#a)*(c#a); for all a, b, c ∈ NTR.
From a), (NTR,* ,#) is a NT vector space. Thus, (NTR,* ,#) be a NT field. Now we show that (NTR,* ,#),
a NT normed space.
For x, y, k ∊ NTR,
a) From Definition 3.1, ‖x‖ 0
b) From Definition 3.1, if x=
(x), then ‖x‖ =0
c) Now that (NTR,* ,#) is a NT field and from b),
Memet Şahin, Abdullah Kargın. Neutrosophic Triplet Normed Ring Space
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‖x# y‖ =‖x‖.‖y‖. Then we can take
f: NTR X NTR →
∪{0}, f(x, y)= ‖x‖. Where, it is clear that f(x, y) = ‖x‖ = ‖
(x)‖ = f(
(x),
Thus; ‖x# y‖ = f(x, y).‖y‖
d) From Definition 3.1, ‖
(x)‖= ‖x‖
e) From Definition 3.1, and Proposition 3.4, it is clear that If there exists a element k ∊ NTR such that
‖x*y‖ ≤ ‖x*y*neut(k)‖;
then
‖x*y*neut(k)‖ ‖x‖+‖y‖.
Thus; (NTR,* ,#),
) is a NT normed space.

25

(y)).

= 0, for x ∈ NTR, then the funcProposition 3.6. Let ((NTR,* ,#), ‖.‖) be a NT normed ring space. If
tion d: NTR x NTR→ ℝ defined by d(x, y) = ‖x* anti(y)‖ provides NT metric space conditions.
Proof.
Let x, y, z ∈ NTR. From the Definition 3.1,
1) d(x, y) =
)≥0;
2) If x = y then; d(x, y) =
=
=
=
. Now that
= 0,
d(x, y) = 0.
3) Now that
=
, we have d(x, y) =
=
. From the Theorem 2.2 and
Theorem 2.5, we have
=
=
= d(y, x).
d(x, y)=
4) For any k ∊ NTV; suppose that
d(x, z) =
≤
=
d(x, z neut(k)), then
≤
=
.
Now that NTV is a commutative group with respect to “*”, we have
=
≤
,
}
max{
+
.
Thus, if d(x, z) ≤ d(x, z neut(k)), then d(x, z neut(k)) ≤ d(x, k)+ d(k, z).
) be a NT normed ring space, { } be a sequence in this space. For all ε>0,
Definition 3.7. Let (NTR,* ,#),
for all n ≥M such that
<ε
if there exists a M∊ ℕ; { } sequence converges to x. It is denoted by
= x or → x
Definition 3.8. Let (NTR,* ,#),
) be a NT normed ring space, { } be a sequence in this space. For all ε>0
such that for all n, m ≥M
<ε
If there exists a M ∊ ℕ, then { } sequence is called Cauchy sequence.
Definition 3.9. Let (NTR,* ,#),
) be a NT normed ring space, { } be a sequence in this space. If each
}
) is called complete NT
Cauchy sequence in this space is convergent to d reduced NT metric; (NTR,* ,#),
normed ring space.
Theorem 3.10. Let (NTR, *, #),
) be a NT normed ring space, { } be a sequence in this space. If there exist
a M ∊ ℕ such that
< ε for all n, m ≥M and there exist a k ∊ NTR such that ‖x* y‖ ≤ ‖x*
y*neut(k)‖, then { } is a Cauchy sequence.
Proof.
Let n>m M. From Definition 3.1, now that there exist a k ∊ NTR such that
‖x* y‖ ≤ ‖x* y*neut(k)‖,
<
Thus, from definition 3.1,
<
=

(iv)
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max{‖
Similarly from (iv),
for ‖
.
.
.

‖,‖

‖}.
‖;

max{‖
for ‖

‖}

‖;
max{‖

max{‖
and now that
sequence.

‖,‖

‖,‖

‖,‖
‖,…,‖
< ε, it is clear that

‖}. Thus,
‖}
< ε. Therefore; {

} is a Cauchy

4 Conclusion
In this paper; we introduced NT normed ring space. We also show that NT normed ring different from
the classical one. This NT notion has several extraordinary properties compared to the classical one. We also
studied some interesting properties of this newly born structure. We give rise to a new field or research called
NT structures.

References
[1] Smarandache F. A Unifying Field in logics, Neutrosophy: Neutrosophic Probability, Set and Logic.
American Research Press: Reheboth, MA, USA, 1998
[2]L. A. Zadeh, "Fuzzy sets." Information and control, 8(3) (1965), 338-353,
[3] T. K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets Syst, 20 (1986), 87–96
[4] W. B. V. Kandasamy, F. Smarandache, Basic neutrosophic algebraic structures and their applications to
fuzzy and neutrosophic models, Hexis, Frontigan, USA, (2004)
[5] Kandasamy W. B. V., Smarandache F. Some neutrosophic algebraic structures and neutrosophic n-algebraic
structures. Hexis: Phoenix, AZ, USA, (2006)
[6] S. Broumi, A. Bakali, M. Talea, F. Smarandache and L. Vladareanu, Computation of Shortest Path Problem
in a Network with SV-Trapezoidal Neutrosophic Numbers, Proceedings of the 2016 International
Conference on Advanced Mechatronic Systems, Melbourne, Australia, (2016) pp.417-422.
[7] S. Broumi, A. Bakali, M. Talea, F. Smarandache and L. Vladareanu, (Applying Dijkstra Algorithm for
Solving Neutrosophic Shortest Path Problem, Proceedings of the 2016 International Conference on Advanced Mechatronic Systems, Melbourne, Australia (November 30 - December 3, 2016) pp. 412-416.
[8] Liu P. and Shi L., The Generalized Hybrid Weighted Average Operator Based on Interval Neutrosophic Hesitant Set and Its Application to Multiple Attribute Decision Making, Neural Computing and Applications
(2015) 26(2): 457-471
[9] P. Liu and L. Shi, Some Neutrosophic Uncertain Linguistic Number Heronian Mean Operators and Their
Application to Multi-attribute Group Decision making, Neural Computing and Applications (2015)
doi:10.1007/s00521-015-2122-6
[10] P. Liu, G. Tang, Some power generalized aggregation operators based on the interval neutrosophic numbers
and their application to decision making, Journal of Intelligent & Fuzzy Systems 30 (2016), 2517-2528
[11] P. Liu and G. Tang, Multi-criteria group decision-making based on interval neutrosophic uncertain
linguistic variables and Choquet integral, Cognitive Computation, 8(6) (2016), 1036-1056
[12] P. Liu and Y. Wang, Interval neutrosophic prioritized OWA operator and its application to multiple attribute
decision making, journal of systems science & complexity, 29(3) (2016), 681-697
[13] P. Liu, F. Teng, Multiple attribute decision making method based on normal neutrosophic generalized
weighted power averaging operator, internal journal of machine learning and cybernetics, (2015)
10.1007/s13042-015-0385-y
[14] P. Liu, L. Zhang, X. Liu, and P. Wang, Multi-valued Neutrosophic Number Bonferroni mean Operators and
Their Application in Multiple Attribute Group Decision Making, internal journal of information technology
& decision making, 15(5) (2016) , 1181-1210
[15] M. Sahin, and A. Kargın, Neutrosophic triplet metric space and neutrosophic triplet normed space, ICMME
-2017, Şanlıurfa, Turkey
[16] M. Sahin, I. Deli, and V. Ulucay, Jaccard vector similarity measure of bipolar neutrosophic set based on
multi-criteria decision making. In: International conference on natural science and engineering
(ICNASE’16), (2016) March 19–20, Kilis, Turkey
[17] M. Sahin, I. Deli, and V. Ulucay, Similarity measure of bipolar neutrosophic sets and their application to
Memet Şahin, Abdullah Kargın. Neutrosophic Triplet Normed Ring Space

Neutrosophic Sets and Systems, Vol. 21, 2018

27

multiple criteria decision making, Neural Comput & Applic. (2016), DOI 10. 1007/S00521
[18] C. Liu and Y. Luo, Power aggregation operators of simplifield neutrosophic sets and their use in multiattribute group decision making, İEE/CAA Journal of Automatica Sinica, (2017), DOI:
10.1109/JAS.2017.7510424
[19] R. Sahin and P. Liu, Some approaches to multi criteria decision making based on exponential operations of
simplied neutrosophic numbers, Journal of Intelligent & Fuzzy Systems, 32(3) (2017), 2083-2099, DOI:
10.3233/JIFS-161695
[20] P. Liu and H. Li, Multi attribute decision-making method based on some normal neutrosophic Bonferroni
mean operators, Neural Computing and Applications, 28(1) (2017), 179-194, DOI 10.1007/s00521-0152048-z
[21] M. Şahin, N. Olgun, V. Uluçay, A. Kargın, and F. Smarandache, A new similarity measure on falsity value
between single valued neutrosophic sets based on the centroid points of transformed single valued neutrosophic numbers with applications to pattern recognition, Neutrosophic Sets and Systems, 15 (2017), 31-48,
doi: org/10.5281/zenodo570934
[22] M. Şahin, O Ecemiş, V. Uluçay, and A. Kargın, Some new generalized aggregation operators based on
centroid single valued triangular neutrosophic numbers and their applications in multi-attribute decision
making, Asian Journal of Mathematics and Computer Research, 16(2) (2017), 63-84
[23] S. Broumi, A. Bakali, M. Talea, F. Smarandache, Single Valued Neutrosophic Graphs: Degree, Order and
Size. IEEE International Conference on Fuzzy Systems, (2016), 2444-2451.
[24] S. Broumi, A Bakali, M. Talea and F. Smarandache, Decision-Making Method Based On the Interval Valued Neutrosophic Graph, Future Technologie, IEEE, (2016), 44-50.
[25] P. Liu, The aggregation operators based on Archimedean t-conorm and t-norm for the single valued neutrosophic numbers and their application to Decision Making, International Journal of Fuzzy Systems, 18(5)
(2016), 849-863
[26] F. Smarandache and M. Ali, Neutrosophic triplet as extension of matter plasma, unmatter plasma and antimatter plasma, APS Gaseous Electronics Conference, (2016) doi: 10.1103/BAPS.2016.GEC.HT6.110
[27] F. Smarandache and M. Ali, The Neutrosophic Triplet Group and its Application to Physics, presented by F.
S. to Universidad Nacional de Quilmes, Department of Science and Technology, Bernal, Buenos Aires, Argentina (02 June 2014)
[28] F. Smarandache and M. Ali, Neutrosophic triplet group. Neural Computing and Applications, 29 (2016) ,
595-601.
[29]F. Smarandache F. and M. Ali, Neutrosophic Triplet Field Used in Physical Applications, (Log Number:
NWS17-2017-000061), 18th Annual Meeting of the APS Northwest Section, Pacific University, Forest
Grove, OR, USA (June, 2017)http://meetings.aps.org/Meeting/NWS17/Session/D1.1
[30] F. Smarandache and M. Ali, Neutrosophic Triplet Ring and its Applications, (Log Number: NWS17-2017000062), 18th Annual Meeting of the APS Northwest Section, Pacific University, Forest Grove, OR, USA
(June, 2017).http://meetings.aps.org/Meeting/NWS17/Session/D1.2
[31] M. Şahin and A. Kargın, Neutrosophic triplet normed space, Open Physics, 15 (2017), 697-704
[32] M. Şahin and A. Kargın, Neutrosophic triplet inner product space, Neutrosophic Operational Research, 2
(2017), 193-215,
[33] G. Shilov, On decomposition of a commutative normed ring in a direct sum of ideals, Mat Sb., 74(2) (1953),
353 – 364
[34] M Jarden, Normed rings, Springer – Verlag Berlin Heidelberg, (2011), DOI: 10.1007/978-3-642-15128-6
[35] V. Uluçay, M. Şahin, and N. Olgun, Soft normed ring, SpringerPlus, (2016), DOI:10.1186/s40064-0163636-9
Received: June 11, 2018. Accepted: July 6, 2018.

Memet Şahin, Abdullah Kargın. Neutrosophic Triplet Normed Ring Space

